Through searching the Kyoto Encyclopedia of Genes and Genomes (KEGG) 6 and analysing the genome of D. radiodurans 7 , the biosynthetic pathways for some common antioxidant metabolites (for example, carotenoids, lipoic acid and folates) could be identified. It is interesting to note that the mutant of D. radiodurans that fails to synthesize carotenoids was more sensitive to ionizing radiation and hydrogen peroxide, and therefore that carotenoids, such as beta-carotene, lycopene and phytoene, indeed play an important part in the radiation resistance of D. radiodurans 8 . The antioxidant and radioprotective powers of lipoic acid have been widely recognized 9 , which strongly suggests that lipoic acid is also valuable in protecting D. radiodurans from oxidative damage. The radioprotective effect of folates was also observed 10 , which was linked, at least in part, to the antioxidant activity of folates 10 . Accumulating evidence indicates that folates are strong hydrogen and electron donors (when the proton is dissociated) 11 , especially in their reduced forms (for example, tetrahydrofolates), which endows them with substantial antioxidant potential that is similar to that of α-tocopherol and ascorbic acid 12 . Moreover, the in vivo antioxidant effects of folates have been preliminarily recognized, which is independent of their well-known benefits to reduce homocysteine 13 . Thus, it is reasonable to infer that folates are involved in the antioxidant defence of D. radiodurans.
In summary, it seems that the antioxidant defence system of D. radiodurans consists of several lines of antioxidants, including enzymes and non-enzymatic small molecules, which is directly relevant to antioxidant drug discovery. Lipoic acid has been approved as an antioxidant drug, and therefore the other antioxidants used by D. radiodurans (that is, Mn(II) complexes and folates) are good starting points for finding novel antioxidant drugs.
